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 Why share?
 Search interoperability basics
 What the OAI protocol is & how it works
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Expected outcomes
 An understanding of the importance of interoperability 
protocols like OAI-PMH;
 A basic understanding of how the OAI protocol works;
 The knowledge necessary to decide whether to become an OAI 
data provider and what options are available to do so;
 An understanding of the need for interoperable or shareable 
metadata;
 An understanding of the key components of shareable 
metadata; and
 The ability to think critically about the shareability of their 
own metadata.
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Scenario: An undergraduate is writing a paper comparing immigration 
in the early 20th century to immigration now and has to include a variety 
of primary sources
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Some digital collections with relevant content
The problem: The user has to access 
each collection individually. Wastes time 
and makes it harder to get work done.
A partial solution: The OAI Protocol for 
Metadata Harvesting provides a 
relatively low barrier means for 
integrated access to the metadata 
describing items in these collections.
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Why share?
 Benefits to users
 ‘One-stop’ searching
 Aggregation of subject-specific resources
 Benefits to institutions
 Increased exposure for collections
 Broader user base
 Bringing together of distributed collections
Don’t expect users will know about your 
collection and remember to visit it.
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Search interoperability
“the ability to perform a search over diverse 
sets of metadata records and obtain 
meaningful results.” 
– Priscilla Caplan
Metadata Fundamentals for All Librarians
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Keys to Search Interoperability
 Communication protocol (Z39.50, OAI 
Protocol, etc.)
 Standards
 Standards
 More standards
 And organizational commitment
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Sharing metadata: Federated search
The distributed databases are searched directly.
Mill?
<title>My 
resource</
title>
<date>04
<title>My 
resource</
title>
<date>04
<title>My 
resource</
title>
<date>04
For Example:
Z39.50, SRU/SRW
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Sharing metadata: Data aggregation
The user searches a pre-aggregated database of metadata 
from diverse sources.
Mill?
<title>My 
resource</
title>
<date>04
For Example:
Search engines, 
union catalogs, 
OAI Protocol
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OAI Protocol as Compared to Z39.50
Metadata deliveryWhen searchingSemantic Mapping
Service providerData providerSearch done by
BibliographicBibliographicWorld View 
StaleUp to dateMetadata searched is
CentralizedDistributedSearching is
Data providerData providerObject Presentation
DistributedDistributedContent (Objects) 
OAIZ39.50
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Why Use OAI Protocol?
 Content is widely distributed, in different kinds 
of non-Z39.50 enabled locations
 Metadata provider more lightweight than Z39.50 
and scales well
 Service provider wishes to augment search 
services or metadata normalization is needed.
Data Providers can use both Z39.50 & OAI
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The OAI-PMH is a tool
 Moves metadata (not content for the most part yet) 
from a data provider to a service provider (or 
harvester)
 A set of rules that defines the communication 
between two systems (like FTP and HTTP)
 Facilitates the aggregation of metadata (like a union 
catalog)
 Developed in 2001 out of the eprint/pre-print 
community
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Some terminology…
 OAI = Open Archives Initiative
 OAI Protocol or OAI PMH = Open Archives 
Initiative Protocol for Metadata Harvesting
 Archives ≠ Traditional Archives
 Open ≠ Free
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Basic OAI-PMH Concepts
 “Aggregated search” rather than “Federated search”
 OAI-PMH based upon HTTP and XML
 Data providers – support OAI PMH as a means to 
expose metadata
 Service providers – ‘harvests’ metadata from data 
providers via the OAI-PMH
 OAI-PMH requires use of simple Dublin Core 
BUT supports and encourages use of other metadata schemas
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Sample OAI Request
December 8, 2006
OAI-PMH is not….
Metadata 
A search tool
A database
Open Access
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Brief History of OAI
 Originated in the e-print archive community
 Creation of interoperability tools for between archives of e-prints
 Based on the Universal Preprint Service developed by Von de Sompel
 Santa Fe Meetings - 1999 and 2000
 Paul Ginsparg, Rick Luce, & Herbert Von de Sompel initiators
 OAI – PMH version history:
 First Alpha Release, Sept. 2000
 1.0 (Beta) Release January 2001
 1.1 (Beta 2) Release July 2001
 2.0 (Production) Release June 2002
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Examples of OAI Service Providers
 OAIster: 
http://oaister.umdl.umich.edu/o/oaister/ 
 CIC Metadata Portal
http://nergal.grainger.uiuc.edu/cgi/b/bib/oaister
 DLF MODS Portal
http://www.hti.umich.edu/m/mods/ 
 IMLS Digital Collections and Content
http://imlsdcc.grainger.uiuc.edu/ 
 National Science Digital Library (NSDL)
http://www.nsdl.org/
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Break
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Overview:  OAI-PMH
 http://www.openarchives.org/ 
 Technologies (RESTful Web Service)
 HTTP 
 URIs
 XML
 Mostly stateless
 Designed to be “easy” for a data provider; 
harder for a service provider
Slide Courtesy of Tom Habing
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Overview:  Definitions and Concepts
Harvester (client that issues OAI-PMH requests) – 
Service Provider
Repository (server that responds to OAI-PMH 
requests) – Data Provider
Slide Courtesy of Tom Habing
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Overview:  Metadata
 Metadata
 Dublin Core is required (oai_dc)
 Many others (MODS, MARC, Qualified DC, etc.) 
can be used
 Adoption of richer metadata formats is highly 
encouraged, especially within communities
 Can be used for complete digital resources, not just 
metadata
Slide Courtesy of Tom Habing
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OAI Items vs. OAI Records
 An OAI ITEM is the complete set of metadata you 
possess describing an object in your repository
 Items exist only in OAI Data Provider database
 An OAI RECORD is an OAI Item disseminated in a 
particular metadata format – e.g., DC or MARC
 Records are what get harvested by OAI Service Providers
 OAI IDENTIFIERS are Item-Level
 OAI DATESTAMPS are Record-Level
Slide Courtesy of Tom Habing
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Unique Identifiers
 Each OAI item must have a unique identifier
 Identifiers must follow rules for valid URIs
 Example:
  oai:<archiveId>:<recordId>
  oai:etd.vt.edu:etd-1234567890
 Each identifier must resolve to a single item 
and always to the same item
 Can’t reuse OAI item identifiers
Slide Courtesy of Tom Habing
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Datestamps
 Needed for every OAI record to support incremental 
harvesting
 Must be updated when addition or modification or 
deletion made in order to ensure changes are correctly 
propagated to harvesters
 Different from dates within the metadata – 
OAI datestamp is used only for harvesting
 Can be either YYYY-MM-DD or YYYY-MM-
DDThh:mm:ssZ (must be GMT timezone)
Slide Courtesy of Tom Habing
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Overview:  Verbs
 Start with a base URL: http://memory.loc.gov/cgi-bin/oai2_0
 Find out about the repository
 ?verb=Identify 
 ?verb=ListSets
 ?verb=ListMetadataFormats&identifier=iii 
 Harvest records
 ?verb=ListIdentifiers&metadataPrefix=mmm
&from=yyyy-mm-dd&until=yyyy-mm-dd&set=sss
 ?verb=ListRecords&metadataPrefix=mmm
 &from=yyyy-mm-dd&until=yyyy-mm-dd&set=sss
 ?verb=GetRecord&metadataPrefix=mmm&identifier=iii
Slide Courtesy of Tom Habing
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Identify
 Purpose
 Return general information about the archive and its 
policies (e.g., datestamp granularity)
 Parameters
 None
 Sample URL
 http://memory.loc.gov/cgi-bin/oai2_0?verb=Identify
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ListSets
 Purpose
 Provide a listing of sets in which records may be 
organized (may be hierarchical, overlapping, or flat)
 Parameters
 None
 Sample URL: 
 http://memory.loc.gov/cgi-bin/oai2_0?verb=ListSets
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ListMetadataFormats
 Purpose
 List metadata formats supported by the archive as 
well as their schema locations and namespaces
 Parameters
 identifier – for a specific record (O)
 Sample URL\
 http://memory.loc.gov/cgi-bin/oai2_0?verb=ListMetadataFormats
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ListIdentifiers
 Purpose
 List headers for all items corresponding to the specified parameters
 Parameters
 from – start date (O)
 until – end date (O)
 set – set to harvest from (O)
 metadataPrefix – metadata format to list identifiers for (R)
 resumptionToken – flow control mechanism (X)
 Sample URL
 http://memory.loc.gov/cgi-bin/oai2_0?verb=ListIdentifiers&metadataPrefix=oai_dc
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GetRecord
 Purpose
 Returns the metadata for a single item in the form of an OAI 
record
 Parameters
 identifier – unique id for item (R)
 metadataPrefix – metadata format for the record (R)
 Sample URL
 http://memory.loc.gov/cgi-bin/oai2_0?verb=
GetRecord&metadataPrefix=mods&identifier
=oai%3Alcoa1.loc.gov%3Aloc.pnp%2Fcwpbh.00004
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ListRecords
 Purpose
 Retrieves metadata records for multiple items
 Parameters
 from – start date (O)
 until – end date (O)
 set – set to harvest from (O)
 resumptionToken – flow control mechanism (X)
 metadataPrefix – metadata format (R)
 Sample URL
 http://memory.loc.gov/cgi-bin/oai2_0?verb=ListRecords&metadataPrefix=oai_dc
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Overview:  Flow Control
 Resumption Tokens
 ?verb=ListSets&resumptionToken=rrr
 ?verb=ListIdentifiers&resumptionToken=rrr
 ?verb=ListRecords&resumptionToken=rrr
 HTTP
 503 Service Unavailable (Retry-After) 
Slide Courtesy of Tom Habing
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Overview:  HTTP
 302 Found (Location) – Redirection
 Compression
 Authentication
Slide Courtesy of Tom Habing
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Selective Harvesting
 Sets
 Datestamps
 From and Until Dates
Slide Courtesy of Tom Habing
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Exploring the OAI Verbs
 Go to http://gita.grainger.uiuc.edu/registry/
 Browse the base URLs in the Responding 
Repositories link
 Try to query some of the repositories through 
the OAI verbs
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Break
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Metadata challenge
“the ability to perform a search over diverse 
sets of metadata records and obtain 
meaningful results.” 
– Priscilla Caplan
Metadata Fundamentals for All Librarians
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What does this record describe?
identifier: http://name.university.edu/IC-FISH3IC-
X0802]1004_112 
publisher: Museum of Zoology, Fish Field Notes 
format: jpeg 
rights: These pages may be freely searched and displayed. 
Permission must be received for subsequent 
distribution in print or electronically. 
type: image 
subject: 1926-05-18; 1926; 0812; 18; Trib. to Sixteen Cr. 
Trib. Pine River, Manistee R.; JAM26-460; 05; 
1926/05/18; R10W; S26; S27; T21N 
language: UND 
source: Michigan 1926 Metzelaar, 1926--1926; 
description: Flora and Fauna of the Great Lakes Region
Dublin Core record retrieved via the OAI Protocol
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How about this one?
title:  (Woman Holding a Pie) LNG42122.5 
subject: Berkeley; male; outdoors; yard; stair 
subject: Dorothea Lange Collection 
subject: The War Years (1942-1944) 
subject: Office of War Information (OWI) 
subject: Woman Holding a Pie 
publisher: Museum of [state] 
date: 1944 
type:  image 
identifier: http://www.orgname.org/idnumber
relation: http://orgname.org/findaid/idnumber
relation: id:/13030/tf9779p783 
relation: http://www.orgname.org/ 
relation: http://findaid.org.org/findaid/...
relation: http://www.orgname.edu/project/ 
Dublin Core record harvested via OAI
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Collection 
Registries
?????
GEM
Photograph from 
Indiana University
Charles W. Cushman 
Collection
SRU
Gateway
?????
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Shareable Metadata…
 Is quality metadata (see Bruce and Hillmann)
 Promotes search interoperability
 “the ability to perform a search over diverse sets of 
metadata records and obtain meaningful results.” (Priscilla 
Caplan)
 Is human understandable outside of its local context
 Is useful outside of its local context 
 (Can we build something off of it?)
Preferably is machine processable!
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Metadata Interoperability
 Semantics
 What is the metadata format used?
 Mapping from one format to another
 Content rules
 How are values for the metadata elements selected and 
represented?
 Syntax
 How are the metadata elements encoded in machine readable 
form?
 Documentation
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Two efforts to promote shareable metadata
 Best Practices for Shareable Metadata
(Draft Guidelines)
http://oai-
best.comm.nsdl.org/cgi-bin/wiki.pl?PublicTOC
 Implementation Guidelines for Shareable 
MODS Records 
http://www.diglib.org/aquifer/dlfmodsimplementationguidelines_finalnov2006.pdf
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Metadata as a view of the resource
 There is no monolithic, one-size-fits-all 
metadata record
 Metadata for the same thing is different 
depending on use and audience
 Affected by format, content, and context
 Harry Potter as represented by…
 a public library
 an online bookstore
 a fan site
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Metadata for different 
communities
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Metadata for different 
communities
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Choice of vocabularies as a view
 Names
 LCNAF: Michelangelo Buonarroti, 1475-1564
 ULAN: Buonarroti, Michelangelo
 Places
 LCSH: Jakarta (Indonesia) 
 TGN: Jakarta
 Subjects
 LCSH: Neo-impressionism (Art)
 AAT: Pointillism
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Choice of metadata format(s) as a view
 Many factors affect choice of metadata formats
 MARC, MODS, Dublin Core, EAD, and TEI may 
all be appropriate for a single item
 Metadata in a format not common in your 
community of practice (even if high quality!) is not 
shareable
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       OAI ≠ Dublin Core
DC is OAI’s lowest common denominator
BUT
OAI supports & encourages use of other 
community-driven metadata schemas
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What are you describing?
Physical object w/ links to the digital?
(Digital surrogate approach)
Both digital and physical in the same flat record?
Both digital and physicalin the same record but ina hierarchy?
A record for theanalog and thedigital item withlinkage?
(one to one principle)Content but not the carrier?
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6 Cs and lots of Ss of shareable metadata
Content
Consistency
Coherence
Context
Communication
Conformance to…
Metadata standards 
Vocabulary and encoding standards
Descriptive content standards 
Technical standards 
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Content
 Choose appropriate vocabularies
 Choose appropriate granularity
 Make it obvious what to display
 Make it obvious what to index
 Exclude unnecessary “filler”
 Make it clear what links point to
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Common content mistakes
 No indication of vocabulary used
 Shared record for a single page in a book
 Link goes to search interface rather than item 
being described
 “Unknown” or “N/A” in metadata record
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Consistency
 Records in a set should all reflect the same 
practice
 Fields used
 Vocabularies
 Syntax encoding schemes
 Allows aggregators to apply same 
enhancement logic to an entire group of 
records
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Common Consistency Mistakes
 Inconsistencies in vocabulary, fields used, etc.
 Multiple causes
 Lack of documentation
 Multiple catalogers
 Changes over time 
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Coherence
 Record should be self-explanatory
 Values must appear in appropriate elements
 Repeat fields instead of “packing” to explicitly 
indicate where one value ends and another 
begins
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Common Coherency Mistakes
 Assumptions that records make sense outside 
of local environment
 Use of local jargon
 Poor mappings to shared metadata format
 Records lack enhancement that makes them 
understandable outside of local environment
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Context
 Include information not used locally
 Exclude information only used locally
 Current safe assumptions
 Users discover material through shared record
 User then delivered to your environment for full 
context 
 Context driven by intended use
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Common context mistakes
 Leaving out information that applies to an 
entire collection (“On a horse”)
 Location information lacking parent institution
 Geographic information lacking higher-level 
jurisdiction
 Inclusion of administrative metadata
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Loss of Context: Record in OAI aggregation
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Context: Record in native database
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Loss of context / data
December 8, 2006
Loss of context / data
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Communication
 Method for creating shared records
 Vocabularies and content standards used in 
shared records
 Record updating practices and schedules
 Accrual practices and schedules
 Existence of analytical or supplementary 
materials
 Provenance of materials
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Conformance
To standards
 Metadata standards (and not just DC)
 Vocabulary and encoding standards
 Descriptive content standards (AACR2, CCO, 
DACS)
 Technical standards (XML, Character encoding, etc)
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Standards promote interoperability
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Before you share…
 Check your metadata
 Appropriate view?
 Consistent?
 Context provided?
 Does the aggregator have what they need?
 Documented?
Can a stranger tell you what the record 
describes?
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The reality of sharing metadata
 Creating shareable metadata requires 
thinking outside of your local box
 Creating shareable metadata will require 
more work on your part
 Creating shareable metadata will require 
our vendors to support (more) standards
 Creating shareable metadata is no longer an 
option, it’s a requirement
December 8, 2006
Break
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Implementing OAI-PMH
 Different Approaches
 Resources for OAI Metadata Providers
 OAI Implementation Guidelines
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Anatomy of an OAI Data Provider
 How are OAI responses generated?
 Static
 OAI responses are fed from a static copy of your records; the static 
copy is periodically updated from your live data (daily, weekly, 
monthly, irregularly, etc.)
 Staleness, minimal impact on your production system, may be 
amenable to certain turnkey solutions, easier to implement
 Dynamic
 OAI responses are generated directly from your live data
 Up-to-date, may impact production system, must be tightly integrated 
to production system, may be difficult to implement depending on your 
current systems and workflows
Slide Courtesy of Tom Habing
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Anatomy of an OAI Data Provider
 Where do the various components reside?
 Locally
OAI data provider is on same server as the data, may be 
part of a larger monolithic system like DSpace or 
contentDM.
 Distributed
OAI data provider is on different server than the data or 
data management system, may even be administered by a 
different organization
Slide Courtesy of Tom Habing
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Anatomy of an OAI Data Provider
 Options
 Turnkey system that already has OAI-PMH capabilities 
built-in, such as DSpace or contentDM, plus many others.  
Can be limiting…
 Start with an OAI-PMH toolkit and customize it to fit your 
needs, OCLC’s OAICat (Java), various toolkits from UIUC 
(ASP) or Virginia Tech (perl), and many others…
 Build a data provider from scratch, not too difficult for a 
proficient web software developer
 Use a gateway service, such as an OAI Static Repository 
Gateway, Emory’s Metadata Migrator, UIUC’s 
FileMakerPro and Z39.50 gateways.
Slide Courtesy of Tom Habing
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Option 1 - OAI Turnkey Solutions
 CWIS 
 ContentDM
 Digitool
 DLESE
 DLXS
 DSpace
 EPrints
 Fedora
 Greenstone
 PKP Open Journal
 Others…
Slide Courtesy of Tom Habing
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Option 2 – Database Based System
 Good option for collections
 Actively adding metadata to their collection
 With a large collection of metadata (over 5000 records)
 Requirements:
 Metadata
 Database application 
(e.g. MySQL, Oracle, MS Access, MS SQL)
 Web server with CGI capability 
(e.g. Apache/Tomcat, MS IIS)
 Validating, transforming XML parser 
(e.g. Xerces, Sun’s JavaXMLPack, MSXML)
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Option 3 – File Based System
 Good option for collections
 Actively adding metadata to their collection
 With a large collection of metadata (over 5000 
records)
 Requirements
 Metadata in XML or available for IMLS DCC to 
put into XML
 Web server with CGI capability 
(e.g. Apache/Tomcat, MS IIS)
 Validating, transforming XML parser 
(e.g. Xerces, Sun’s JavaXMLPack, MSXML) 
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Option 4 – Static Repository
 Good option for collections:
 No longer adding metadata to their collection
 With small collections (fewer than 5000 records)
 Requirements:
 Metadata in XML. (IMLS DCC will help with 
conversions.)
 Available space on a web server for posting static 
XML files
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OAI Static Repositories
The Problem
 OAI-PMH is simple, but not simple enough 
for:
 Technically challenged organizations
Limited resources
No control over their web server
 With small collections
 1-5000 records (10-20 MB XML File)
 That do not change often
This is a pretty loose requirement (weekly?)
Slide Courtesy of Tom Habing
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OAI Static Repositories
The Solution
 Static Repository
 A single XML file containing all metadata, 
identifiers, and datestamps 
 Accessible from a web server via an HTTP URL, 
such as http://host:port/path/file.xml 
 May be created manually by an XML or simple text 
editor, or programmatically
 Static Repository Gateway
 Provides intermediation for one or more Static 
Repositories
Slide Courtesy of Tom Habing
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OAI Static Repositories
Official Specification
http://www.openarchives.org/OAI/2.0/guidelines-static-
repository.htm
Slide Courtesy of Tom Habing
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Illustration
Static Repositories
Static Repository Gateway
http://this.edu/col1/oai.xml
http://that.org/mycol/col.xml
<?xml version=‘1.0’>
<Repository>
  <Identify>
    ...
<?xml version=‘1.0’>
<Repository>
  <Identify>
    ...
OAIster
OAI Harvesters
reap
http://myoai.org/oai/that.org/mycol/col.xml?verb=...
http://myoai.org/oai/this.edu/col1/oai.xml?verb=...
http://myoai.org/oai
Slide Courtesy of Tom Habing
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OAI Static Repositories
Static Repository Limitations
 Must be a single XML file (mime: text/xml)
 No resumptionTokens
 Must be UTF-8 encoded Unicode
 http://www.cs.cornell.edu/people/simeon/software/utf8conditioner/ 
 Must validate against Static Repository XML Schema
 The baseURL element must be the concatenation of the Static 
Gateway URL and the Static Repository URL
 ListRecords elements must conform to the  OAI-PMH record 
format
Slide Courtesy of Tom Habing
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OAI Static Repositories
Additional Limitations
 The URL of the Static Repository XML file cannot 
include a fragment or query string
 Sets are not supported
 Deleted records are not supported
 Response compression is not supported
 Only YYYY-MM-DD date stamp granularity is 
supported
 The guidelines for OAI identifiers should be followed:
 http://www.openarchives.org/OAI/2.0/guidelines-oai-
identifier.htm
Slide Courtesy of Tom Habing
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OAI Implementation Guidelines
http://www.openarchives.org/OAI/2.0/guidelines.htm
 Includes:
 Guidelines for Repository Implementers
 Guidelines for Harvester Implementers 
 Guidelines for Aggregators, Caches and Proxies
 Specification for an OAI Static Repository…
 Community-Specific Guidelines (OLAC, EPrints)
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Open Source OAI Tools
 Open Archives Initiative Tools
 http://www.openarchives.org/tools/tools.html
 OAI tools on Sourceforge
 http://www.sourceforge.net and search for OAI in 
the Software/Groups category
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Open Source OAI Toolkits
 OCLC
 http://www.oclc.org/research/projects/oai/default.htm
 UIUC Grainger Engineering Library
 http://uilib-oai.sourceforge.net/
 Virginia Tech DLRL Projects
 http://www.dlib.vt.edu/projects/OAI/
 Lots of other Open Source tools
 http://sourceforge.net/search/?words=oai
 http://www.openarchives.org/tools/tools.html
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Resources for data providers
 OAI for beginners tutorial
 http://www.oaforum.org/tutorial/
 Repository Explorer
 http://purl.org/net/oai_explorer
 XML Schema Validator
 http://www.w3.org/2001/03/webdata/xsv
 XML Tools at W3C
 http://www.w3.org/XML/#software
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Registering Your OAI Provider
 Register with the Official OAI Registry
http://www.openarchives.org/data/registerasprovider.html
 The UIUC Experimental OAI Registry
http://gita.grainger.uiuc.edu/registry/
 Test Before You Register
 Registry Explorer @ Virginia Tech
 Email us (sshreeve@uiuc.edu) for a Test Harvest
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How to Test Your OAI Provider
 Repository Explorer http://re.cs.uct.ac.za/
 Good start, but does not do a complete harvest, nor does it check non-oai_dc 
metadata formats, so can’t find all problems
 W3C Validator for XML Schema http://www.w3.org/2001/03/webdata/xsv
 Great for pinpointing obscure XML Schema validation errors or character encoding 
problems
 Only one request at a time though
 Character Encoding Problems
 http://www.cs.cornell.edu/people/simeon/software/utf8conditioner/
 Try to harvest your OAI provider yourself
 Use REAP, the Windows command line OAI harvester from UIUC
 http://gita.grainger.uiuc.edu/registry/dlffall2005/reap_readme.htm
 Use the U. Michigan Harvester (Kat can provide more detail)
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Recap
 OAI protocol is a tool
 OAI is easy - metadata is hard
 Better metadata = better interoperability
December 8, 2006
Sarah Shreeves
Coordinator, IDEALS
University of Illinois Library at Urbana-Champaign
Email: sshreeve@uiuc.edu
Phone: 217-244-3877
Some of these slides were created by Tom Habing, UIUC. See 
http://hdl.handle.net/2142/147.
This work is licensed under the Creative Commons Attribution-NonCommercial-
ShareAlike 2.5 License. To view a copy of this license, visit 
http://creativecommons.org/licenses/by-nc-sa/2.5/ or send a letter to Creative 
Commons, 543 Howard Street, 5th Floor, San Francisco, California, 94105, 
USA.
Contact Information
